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TZE NATURE OF THE QUASI-STELLAR OBJECTS* I 
Geoffrey aurbidge, University of Cal i fornia ,  San Diego 

~ 

In t h i s  paper I s h a l l  give a b r i e f  account of the  proper t ies  of the  

qxasl-stellar objects  ( G O ' S )  with spec ia l  bearing on the question o f  

whether they are l o c a l  o r  cosmological objects .  

Re ds h i f  t s 

I 

A t  the  present time redshi f t s  a r e  ava i lab le  f o r  more than f i f t y  Q,SO'S. 

A p l o t  of r edsh i f t  against  apparent magnitude shows a large s c a t t e r  though 

there  is a weak t rend i n  the  sense t h a t  the  f a i n t e r  objects  tend t o  have 

t h e  larger redsh i f t s .  As the  number of  r edsh i f t s  has increased the  s c a t t e r  

i n  t h i s  p l o t  has grown l a rge r .  The f a c t  t h a t  we have so f a r  seen only red- 

s h i f t e d  objec ts  can be in te rpre ted  i n  var ious ways : 

(a) That t he  objects  are a t  cosmological dis tances  and the  r edsh i f t s  a re  

Doppler s h i f t s  associated with the  expansion of t h e  universe. 

That t h e  objects  are moving a t  r e l a t i v i s t i c  speeds and have been e jec ted  

from a center  comparatively near t o  us - the  center  of our own Galaxy, 

o r  a nearby galaxy, and have a l l  gone pas t  us. 

That the  objects  have been e jec ted  from a v a r i e t y  of galaxies  a t  relati- 

v i s t i c  speeds and t h a t  those which have a component of ve loc i ty  towards 

us and thus should show b luesh i r t s  a r e  not seen because of s e l ec t ion  

e f f e c t s .  

That the  s h i f t s  a r e  not due t o  t h e  Doppler e f f e c t  but  a re  g rav i t a t iona l  

i n  or ig in .  

b )  

c )  

a )  

d 

jlnce t h i s  t a l k  was given the author, toge ther  with E. M. Burbidge, has corn- 

p i e t ed  a monograph, "The Quas i -s te l la r  Objects" (W. H. Freeman, San Francisco, 

1967), i n  which these top ics  a re  discussed more f u l l y  and i n  which f u l l  

references a re  given 
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The f irst  two of these p o s s i b i l i t i e s  a r e  d i r e c t l y  compatible w i t h  the  obser- 

v a t  ions, and since a l l  previous redshi f t  measurements have been in te rpre ted  

a s  due t o ' t h e  expansion o f  the  universe it is na tu ra l  from t h i s  point  of view 

t h a t  (a) is preferred.  

@ O ' s  a re  moving r e l a t i v i s t i c a l l y  i n  a l l  d i rec t ions ,  having been e j ec t ed  from 

A s  f a r  as ( c )  i s  concerned it is  now known t h a t  i f  

many galaxies,  then s ince blueshif ted objec ts  w i l l  appear much b r i g h t e r  t han '  

redshi f ted  objects  of the  same i n t r i n s i c  luminosity, i f  we survey t o  a given 

apparent br ightness ,  we s h a l l  survey a much l a r g e r  volume of space f o r  blue- 

s h i f t e d  objects  than f o r  redshif ted objects .  

t h e o r e t i c a l  rad io  of b lueshi f ted  t o  redshi f ted  objects  i s  ( l+zm)  , where z 

is  the  maximum redsh i f t .  Since z 

about 80 t o  1. 

se lec t ion  e f f e c t s  a t  work so  t h a t  only redshif ted objects  a re  seen. It can 

It is then found t h a t  t he  

4 
m 

2, b luesh i f ted  objects  should predominate m 

Thus i f  t h i s  model is appl icable  there  must be very s t rong 

be shown t h a t  it w i l l  be very much more d i f f i c u l t  t o  de tec t  in f ra red  Lines 

which w i l l  be shif€ed in to ' t he .  v i s ib l e  region by the b luesh i f t  e f f e c t  because 

they  are much fewer than t h e  l inesseen i n  t h e  u l t r av io l e t ,  i n t r i n s i c a l l y  weaker, 

and a l s o  the  continuum flux may rise s t eep ly  i n t o  the  inf ra red  as it does i n  

3C 273. 

s o ~ e  of the  apparently b r igh te s t  objects .  Objects with small  b l u e s h i f t s  should 

Thus such objects  may appear t o  show no l i nes ,  bu t  they w i l l  include 

be detected,  but  none have been found s o  t h i s  is an object ion t o  the  a rgmen t  

given. Another p o s s i b i l i t y  is tha t  the rad ia t ion  from t h e  r e l a t i v i s t i c a l l y  

moving QSO is  not emitted spher ica l ly  symmetrically, i n  i t s  own frame, but  

tends t o  be emitted backwards along the  t a i l .  

Finally,  we may consider p o s s i b i l i t y  (d).  The a l t e r n a t i v e  explanation 

is t h a t  the  r edsh i f t s  a r e  g rav i t a t iona l  i n  or ig in .  There a re  severe spectro-  

scopic d i f f i c u l t i e s  associated with t h i s  i n t e rp re t a t ion  but  it is1 not s a fe  t o  

say t h a t  it can be ruled out en t i r e ly .  
i 
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Luminos i t ies  and Radio Fluxes 

The proper t ies  of the .opt ica1  f lux  from the QSO's have been s tudied by 

Also, means of &V photometry, and i n  a few cases using spectrum scanners. 

f o r  3C 2 7 3  we have f lux  measures i n  the  infrared,  and i n  the  mil l imeter  region. 

If the objects  a re  a t  the distances given by t h e i r  r edsh i f t s  then the  in te -  

gra ted  op t i ca l  luminosit ies a r e  - 10 In  the case of 3C 273, t h e  

t o t a l  flux emitted is about 2 x 

emit ted i n  the  inf ra red  and millimeter regions. If the  objects  a r e  com- 

pa ra t ive ly  close by a t  distances of about 10 Mpc, then the  luminosi t ies  l i e  

i n  the  range erg/sec, comparable with the  energies  emitted from 

the  nuc le i  of Seyfer t  galaxies .  

46 erg/sec.  

erg/sec and the  bulk of the energy is 

- 

The radio fluxes from the  QSO's a re  among the  l a r g e s t  from radio' sources. 

45 If the  objec ts  are a t  cosmological dis tances  they l i e  i n  the  range 

erg/sec.  

comparable w i t h  t h e  weaker radio galaxies .  

of the radio source associated with a Qj30 is very small, less than 0.1. 

the rgdio flux is  a l l  of synchrotron o r ig in  and i f  t h e  objec ts  are cosmological, 

then  from arguments based on the s i z e  and synchrotron s e l f  absorption theory, 

we f i nd  t h a t  i f  t he  source is uniform the  t o t a l  p a r t i c l e  energy content m u s t  

be N lo6' - 1061 ergs and the  magnetic energy content severa l  orders of 

- 10 
If they are l o c a l  t h e i r  f luxes l i e  i n  t he  range lo4' - lo4' erg/sec,  

Frequently a t  l e a s t  one component 
11 

If 

mgnitude less. A model of t h i s  type is, however, very unsat isfactory.  

Al te rna t ive  suggestions have been made by Ginzburg and Ozernoy who have pro- 

posed t h a t  some p a r t  of t he  radio f lux  may be generated by coherent plasma 

os c i l l a t  ion mechanisms . 
The s p e c t r a l  d i s t r i b u t i o n  of the  energy emitted i n  the  o p t i c a l  arid inf ra -  

red f lux  regions shows t h a t  the  bulk of it i s  generated by a non-thermal 
the  

:-nocess. 
* 

It is almost ce r t a in  that/synchrotron process is  responsible.  
-% 
Slnce t h i s  t a l k  w a s  given it has been found t h a t  t h e  o p t i c a l  rad ia t ion  from 

3C 446 shows a high degree of l i n e a r  po lar iza t ion .  This is s t rong evidence I 

t h a t  it is synchrotron radiat ion.  I 
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A s  we s h a l l  see, t h i s  energy m u s t  be generated i n  a n  exceedingly small volume. 

Variations, i n  Flux 

It appears t h a t  v a r i a b i l i t y  is a common 

t h e  flr~t QSG t o  be dlscovered, was fo-md by 

is w e l l  known t h a t  3C 273 can be t raced back 

and v a r i e s  by fac tors  of the  order of 2 over 

In many cases objects observed i n  successive 

property of the  Q,SO's. 

Sandage t o  vary- i n  l i g h t .  

on old p l a t e s  some seventy years 

time sca les  of  months and years. 

observing seasons a re  seen t o  

3C 48, 

It 

have changed i n  brightness though there  has been l i t t l e  systematic study of  

v a r i a b i l i t y  involving many objects. The object  3C 345 was studied i n  d e t a i l  

by Kinrnan and Goldsmith i n  the summer of 1965 and it was found t o  increase 

i n  brightness by N 0?4 i n  about 20 days. 

appeared t o  be smaller var ia t ions  on a s h o r t e r  time scale .  A t  the  same time 

some spectroscopic var ia t ions  were seen. Radio var ia t ions  were f i rs t  detected 

i n  3C 273 by Dent,and Kellerman has described a t  t h i s  meeting a number of 

Q,SO's which a r e  found t o  be varying a t  high frequencies. 

It then declined, showing what 

The tfqortance of the v a r i a t i o n  data  is t h a t  they set an upper l i m i t  

t o  the  s i z e  of the object,  independent of i t s  distance.  

surface is  moving r e l a t i v i s t i c a l l y ,  or the  objects  consis t  of r e l a t i v i s t i c a l l y  

Unless the emitt ing 

moving coherent blobs, the s i z e  R 5 CT, where T i s  the time over which a 

s i g n i f i c a n t  change i n  f lux  occurs. For var iab le  stars R 5 CT. If the 

synchrotron process i s  responsible f o r  the flux, then there  are two processes 

ax work i n  the  region where the flux i s  being generated. 

synchrotron process, and (b) the  inverse Compton process i n  which r e l a t i v i s t i c  

e lec t rons  lose energy by s c a t t e r i n g  of low energy photons. 

i f  the synchrotron process i s  t o  dominate, t h a t  the  energy densi ty  i n  the  

ragnet ic  f i e l d  is g r e a t e r  than the energy densi ty  of photons, i . e . ,  

and Urn = 8;; . Ur < Um, where U = - 
nR2C 

These a r e  (a) the  

Now it is necessary, 

B2 L 
r 
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Suppose we choose a magnetic f i e l d  such t h a t  the p a r t i c l e s  lose h a l f  t h e i r  

energy i n  t ravers ing a distance 9. This f i e l d  is  of the  order o f  0.1 gauss 

t o  give r i s e  t o  photons in  the  infrared region. If now we suppose t h a t  t h e  

QSO's are  a t  cosmological distances, and put R =' 1017 em, based on v a r i a t i o n  

data which suggests t h a t  s ign i f icant  var ia t ions  occur i n  times of order one 

5 month, s o  t h a t  t h i s  i s  an upper l i m i t ,  then we f ind tha t  Ur M 10 

L w 

Urn, where 

erg/sec, which leads t o  a complete contradiction. 

To avoid the  d i f f i c u l t y  we can suppose e i t h e r  t h a t  t h e  objects  a r e  

comparatively loca l ,  so t h a t  L i s  much reduced, or e l s e  t h a t  the magnetic 

f i e l d  is much s t ronger  than the value assumed above. I n  the  l a t te r  case 

the  magnetic f i e l d  must be of order 50 gauss i n  order t h a t  U 

approach is  taken as is assumed by Shklovsky and Ginzburg, another compli- 

FZ Ur. If t h i s  m 

ca t ion  must be considered. If the magnetic f i e l d  is  as s t rong as t h i s  then 

the  h a l f  l i v e s  of t h e  electrons (which now must be of lower energy t o  radiate 

i n  the observed frequency range) w i l l  be very shor t  and w i l l  only be of t h e  

order  of minutes or seconds. Thus i f  it were supposed t h a t  the  e lec t rons  

are in jec ted  a t  a s i n g l e  point,  the s i z e  of the  object  would only be of t h e  

order  of l i g h t  minutes, and i n  t h i s  object the  rad ia t ion  dens i ty  would be 

many orders of magnitude larger  than it was previously and the  contradict ion 

would s t i l l  be present.  Thus it must be assumed, i f  the  magnetic f i e l d  i s  

t h i s  strong, t h a t  e lectrons a r e  injected,  or continuously accelerated a t  many 

mil l ions 03 in jec t ion  points  a l l  through the object  and then t h e  rad ia t ion  

from them nust be phased i n  such a way as t o  give the  observed flux. Such 

a rcodel i s  not  out of the  question but  it i s  not c l e a r  whether it is accept- 

& o l e .  If t h i s  c lass  of model i s  not acceptable, then t h i s  appears t o  be a 

s t r c n g  i a d i r e c t  argument i n  favor of the idea that  the  Q,SO's a r e  comparatively 

local objects .  

*Tne recent observations of var ia t ion  i n  3C 446 suggest t h a t  R $ 

3c 

em. 

Tt.,is places even more severe r e s t r i c t i o n s  on the  c lasses  of  QSO's a t  cosmo- 

l o o i c a l  distances ttan the argiments given here.  
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It night  be argued t h a t  perhaps the whole of the  f lux  is  generated 

by t h e  inverse Compton process. 

was a cen t r a l  "machine" which generates a f a n t a s t i c  f lux  of  very l o w  energy 

photons. 

This would require a model i n  which there  

Also the  e lec t rons  must be in jec ted  o r  accelerated t h r o w h  the  

object ;  otherwise, as has been discussed e a r l i e r  f o r  the synchrotron process, 

the  contradict ion w i l l  remain. 

Thus these arguments based on the  va r i a t ion  data  set  very severe limits 

on the  c lasses  of models of &SO'S  which a re  compatible with the  idea tha t  

tkie QSO's l i e  a t  cosmological distances.  However, s ince we do not understand 

the  energy generating mechanisms i n  d e t a i l  it cannot be said t h a t  such models 

are not possible .  We simply do not know. It is equal ly  unreasonable t o  

argue t h a t  such models have t o  be r igh t  simply because one bel ieves  t h a t  the  

ob;ects must be cosmological. 

Absorption Features 

When the  f i r s t  obJect with Ly ci i n  emission was found, 3 C  9, it 

was pointed out by Scheuer, and by Gunn and Peterson, t h a t  it might be 

possible  t o  inves t iga te  the  propert ies  of t he  i n t e r g a l a c t i c  medium by looking 

f o r  t he  beginnings of t he  trough due t o  Ly a absorption by neu t r a l  i n t e r -  

g a l a c t i c  atomic hydrogen. 

such an e f f e c t  and deduced from it t h a t  the densi ty  of neu t r a l  hydrogen 

only about 

Ly a i n  emission is seen have led the  spectroscopis ts  t o  the  conclusion t h a t  

t he re  is r e a l l y  no evidence f o r  t h i s  type of absorption measured by a de- 

Gunn and Peterson bel ieved t h a t  they had found 

gn/cm3. However, s tud ies  of a number of objects  i n  which 

pression i n  the continuum. 

dens i ty  o l  i n t e rga lac t i c  neu t r a l  hydrogen i s  l e s s  than - 
the  objezzs a re  comparatively nearby. 

r e s u l t  t o  indicate  t h a t  the  intergalactLC medium, which they assume t o  have 

This leads t o  t he  conclusion e i t h e r  that  the  

gm/cn3 o r  t h a t  

Most theore t ic ians  have taken t h i s  
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a densi ty  near gm/cm 3 , i s  la rge ly  in  the form of ionized gas. However, 

t h e  other  a l t e r n a t i v e  i s  equally possible,  and the re fusa l  t o  take it 

ser ious ly  is a measure of the extent t o  which the cosmological in te rpre ta t ion  

of the Q,SO's has taken hold. 

The suggestion t h a t  absorption l i n e s  might be produced i n  d i s c r e t e  

clouds i n  the i n t e r g a l a c t i c  medium w a s  made by Bahcall and 

by Shklovsky. However, the ident i f ica t ion  of the  l i n e s  i n  

Q,SO i n  which many absorption l ines  were found, showed t h a t  

them is i n  very close agreement with t h a t  f o r  the  emission 

Salpeter ,  and 

3C 191, the f i r s t  

the  redshi f t  from 

l i n e s .  This in- 

d ica tes  t h a t  both absorbing and emitting regions are associated with the  

object.  I n  the case of PKS 1116+12 Bahcall, Peterson, and Schmidt have 

argued t h a t  the  absorption l i n e s  found i n  t h i s  object e i t h e r  a r e  i n t e r g a l a c t i c  

or ,  iI' they a r e  associated with the object,  they a r e  due t o  a s h e l l  which 

has been ejected.  

a very la rge  mass m u s t  be involved and hence t h a t  t h i s  i s  an argument against  

the  l o c a l  hypothesis. 

s ince it depends on many assunptions. A t  present  we a r e  r e a l l y  not c l e a r  

BS t o  the conditions under which the absorption l i n e s  are formed. Zor 

example, it could be t h a t  the absorption l i n e s  a r e  formed i n  a region which 

is t o  be t r e a t e d  as the l o c a l  standard of  rest. 

region is  produced by gas f a l l i n g  i n t o  the  object .  

I n  the  l a t t e r  case they conclude t h a t  i f  the  &SO is l o c a l  

I do not believe t h a t  t h i s  i s  a s t rong argument 

I n  t h i s  case the  emitt ing 

Koehler has claimed t o  have detected absorption of 21  em rad ia t ion  i n  

The radio spectrum of 3C 273 a t  a redshi f t  corresponding t o  the  mean red- 

s h i f t  of the  Virgo c l u s t e r .  Since 3C 273 l i e s  i n  a d i rec t ion  a few degrees 

from the center  of the  Virgo c lus te r ,  t h i s  observation taken a t  i t s  face 

-;slue indicates  t h a t  3C 273 l i e s  a t  a dis tance of a few Kpc from us. It . 

c e n a i n l y  does not prove, as has been claimed by some, t h a t  it l i e s  a t  the  
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distance given by i t s  r edsh i f t .  It does n o t  even necessar i ly  mean t h a t  it 

l i e s  a t  a distance > 10 Xpc, the mean dis tance for the  Virgo c lus t e r ,  but  

only t h a t  the  cloud giving rise t o  the  absorption is  p a r t  of the  Virgo 

c l u s t e r  which happens t o  have a ve loc i ty  close t o  the  mean. The dis tance 

m u s t  be of order (10 * x) Mpc where x measures the  s i ze  of the  c l u s t e r  or 

s uperclus t e r  . 
Dis t r ibu t ion  of QSO s 

While there  may be a very large population o f  QsO's, only a comparatively 

small  number have pos i t i ve ly  been iden t i f i ed ,  and from these it is impossible 

t o  deduce anything very s ign i f i can t  about t h e i r  d i s t r i b u t i o n  over t he  sky. 

T'ne rad io  sources taken a s  a whole show a f a i r l y  high degree of isotropy, 

but  both radio galaxies  and G O ' S  a r e  included. The s t a t i s t i c s  from the  

iden t i f i ca t ions  made i n  the  3C ( revised)  catalogue by Veron suggest t h a t  a t  

t h a t  power l e v e l  about 2 / 3  are galaxies and l / 3  a re  QsO's. 

are a t  cosmological dis tances  they should be i so t ropic .  If they are assoc ia ted  

w i t h  comparatively near5y galaxies,  then the  b r i g h t e r  ones which have pre- 

smdoly  c o ~ e  out of t'nose galaxies w i l l  show a d i s t r i b u t i o n  r e f l e c t i n g  t h e i r  

# 

If the  QSO's 

node of e jec t ion .  However, f a i n t e r  ones may have come out of a wider popu- 

l a t i o n  of  galaxies,  and there  w i l l  r ap id ly  come a f lux  l e v e l  a t  which t h e  

o j j e c t s  w i l l  become indis t inguishable  i n  t h e i r  radio proper t ies  from the 

galaxies  with which they are associated.  

i so t rop ic  the  whole population w i l l  show an i so t rop ic  d i s t r ibu t ion .  

Consequently, i f  t he  galaxies  are 

Although no conclusions can be drawn about the  whole sky d i s t r i b u t i o n  

of  the  op t i ca l l .  

clusions frm h i s  s tud ies  of t h e  d is t ryout ion  of p a i r s  of radio sources (one 

of which is  sonetimes a G O )  and pecu l i a r  galaxies .  

occurrence 0;' p a i r s  of radio sources with separat ions of 1 t o  3 degrees and 

iden t i f i ed  Q,SO's, A r p  has drawn some very s t a r t l i n g  con- 

3e be l ieves  t h a t  t he  
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with the  l i n e  joining them intersect ing a cer ta in  type of pecul ia r  e l l i p t i c a l  

s a l a y  is not dce t o  chance and t h a t  t h i s  indicates  t h a t  these radio so-mces 

have been e jec ted  from the parent galaxies.  I th ink  t h a t  most of us a r e  

r a t h e r  unhappy about the s ta t i s t ica l  analysis,  but it may be t h a t  he is  

correct.  If t h i s  i s  so, then the  l o c a l  or ig in  of the QSO's w i l l  have been 

establ ished.  Since some radio galaxies are ident i f ied  with the sources d is -  

cussed by A r p ,  he has concluded t h a t  g a l a i e s  can be ejected from galaxies.  

This, however, is very hard t o  accept. If the QSO's are  e jec ted  from 

galaxies i n  the manner suggested by A r p ,  then the redshif t -blueshif t  d i f f i -  

c u l t i e s  discussed e a r l i e r  must be overcome, and I have already outlined the  

various p o s s i b i l i t i e s .  

7-  ,ne Log F - Log S Curve 

Over the  las t  decade many surveys of radio sources have been made and 

2-m these it is possible  t o  invest igate  the large sca le  propert ies  of the  

m i v e r s e  simply by counting the numbers of radio sources (N) observed a t  

po:%-er l e v e l s  g r e a t e r  than a flux l e v e l  

assurp t ioss  underlying t h i s  method a r e  t h a t  the  radio sources a r e  indeed 

dis?;ribuzed through the ex t raga lac t ic  universe, and t h a t  we a r e  looking a t  

8 v o l u ~ e  distance e f f e c t .  

o-steoz, the  g r e a t e r  i t s  distance.  

sceacy s:ate universe, the  log IT - log S curve has a slope of -1.5. 

the  o'merved slope is  about -1.8. 

be s t rong evidence against  the s-bple  steady s t a t e  theory. 

se2aration of the i d e n t i f i e d  3C sources i n t o  the two categories of  radio 

zalaxies  and QSO's, with d i f fe ren t  slopes i n  t h e i r  log N - l o g  S p lo ts ,  i s  

ex-ee&L=.,gly in te res t ing .  

Cxe t o  t'ne f a c t  t h a t  the Euclidean space approximation holds f o r  Them. It 

S a t  a given frequency. The only 

This means t h a t  on the average the f a i n t e r  the 

For a Euclidean universe, and f o r  the  

However, 

This r e s u l t  has been thought by many t o  
/ 

However, Veron's 

The slope of -1.5 f o r  the  radio galaxies i s  siaGly 
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is  c l e a r  t h a t  f o r  t h i s  sample of radio sources a t  l e a s t ,  the question of 

whether the slope of  -1.8 is  t o  be t a k n  as evidence against  the  steady 

s t a t e  model r e s t s  with the QSO's. Their slope could be due t o  cosmological 

e f f e c t s  of an evolutionary nature i f  they a r e  a t  the lminos i ty-d is tances  

given by t h e i r  redshiI"cs, o r  it must be due t o  l o c a l  e f f e c t s .  

A f u r t h e r  point  is of importance. I f  one p l o t s  the radio magnitudes 

of a sample of QSO's against  redshi f t s  (about 30 3C ob jec ts )  one f inds a 

coxplete s c a t t e r  i n  the data points .  A t  the  same time these same objects 

give a l o g  N - log S curve whose slope is uncertain but which is near 2. 

About h a l f  the data  used by Veron is  included here. This r e s u l t  shows t h a t  

whether the QSO's a r e  l o c a l  o r  cosmological, we are seeing a luminosity 

e f f e c t  and not a distance volume e f f e c t .  Thus t h i s  r e s u l t  cannot be taken 

as evidence t h a t  t h e  Q,SO's are cosmological. The r e s u l t  can be explained on 

the  cosmological hypothesis, o r  on the l o c a l  hypothesis. 

The Composition of the Quas i - S t e l l a r  olo je  c t s  

Whether the  QSO's are local o r  a t  cosmological distances they are a 

unique c lass  of objecxs. Taeir  energet ic  propert ies  are such t h a t  it appears 

tha-r; the m t t e r  contained i n  them has gone through much more coaplex and 

v i o l e n t  evolutionary processes than the bulk o f  the  m z t e r  which we see i n  

the  stars and gaseous ne'oulae i n  our own Galaxy. Moreover, i f  the  objects  

are a t  cosmological distances we a r e  looking,in tne case of an o'oJect with 

a redshi f t  z - 2,  back t o  a n  epoch many b i l l i o n s  of years ago. Taus, for a 

nmber  of reasons, we might expec-r; t h a t  the composition of the gas observed 

spectroscopical ly  i n  the  QSO's would be very differen; from t h a t  of  the  

gaseous nebulae, and ye t  the compositions look  comparatively normal. 

i f  xnere is  progressive enric'hnent of the elements heavier than hydrogen 

as a Panetion of ti- we might have expected the  objects  with the l a r g e s t  

N 

Also, 

- 10 - 



. 

redshi f t s  t o  have very d i f fe ren t  compositions from t h a t  of 3C 273, but no 

l a r g e  e f f e c t s  a re  present.  It seem t o  me that  these arguments may favor 

?;he idea t h a t  the QSO's are  nearby, but even s o  there  a r e  d i f f i c u l t i e s .  

Perhaps, whatever the nature of  the QSO's, the  gas that  we see has been 

accreted by the c e n t r a l  object and has never gone through the processes 

which the bulk of the mass must have experienced. 

To s u m r i z e ,  it seems t o  me t h a t  the  idea t h a t  the QSO's are l o c a l  

objects  cannot e a s i l y  be dismissed.  We are  a l l  conditioned t o  i n t e r p r e t  

r e d s h i f t s  d i r e c t l y  as due t o  t h e  expansion of the  universe, but  t h i s  t o  a 

la rge  extent  i s  due t o  the a g e  i n  which we l i v e .  There a re ,  however, so  

many d i f f i c u l t i e s  associated w i t h  all of the hypotheses tha t  have been 

suggested t h a t  it may be a consiaerable t i m e  before the  t r u e  nature of  the  

q u z s i - s t e l l a r  objects  is  understood. 
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